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ackground: Sugarcane is basically a water loving crop and scarcity of water is not only affecting its overall 
production but its total sugar contents as well. Somaclonal variation is an intriguing phenomenon to study 
various genetic and cellular mechanism under in vitro conditions. The induction of somaclonal variation 
generates useful variability without sexual reproduction in sugarcane. 
Methods: CPF-248, a drought sensitive variety was used to induce stress tolerance using somaclonal variation 
approach. Various combinations of callogenesis and regeneration media were used to induce soma clonal 
variations. The plants, thus achieved, were subjected to drought selection pressure using different 
concentrations of PEG, the selected plants were referred as in vitro selected putative somaclonal variants 1 & 2 
(IPSV1 & IPSV2). These two plants were then subjected to acclimatize under greenhouse conditions by planting 
them in soil filled plastic pots. The in vitro grown seedlings named as in vitro selected putative somaclonal 
variants along with parent plants were subjected to drought conditions by withholding watering for 8 days. After 
10 days of treatment, data for photosynthetic and biochemical attributes were recorded and subjected to 
comparison. The activity of antioxidants enzymes like superoxide dismutase (SOD), ascorbate peroxidase 
(APX), catalase (CAT), peroxidase (POD), ascorbate and carotenoid contents was analyzed using standard 
protocols. 
Results: A significant increase in chlorophyll a, b and carotenoid contents were recorded in IPSV1 and IPSV2 
compared to parent genotype. Antioxidant enzymes (SOD, APX, CAT, POD) also increased significantly in 
somaclonal variants and displayed tolerance under drought condition. Moreover, osmotic adjustment was 
observed in the form of higher rate of total free amino acid and proline contents in both somaclonal variants.  
Conclusion: The finding suggests that sugarcane (CPF-248) somaclones generated through tissue culture 
approach are found to be drought tolerant with improved photosynthesis and antioxidant response. Further, 
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Introduction  
As an important cash crop, sugarcane is a major 
contributor of sugar industry in the world. It is a non-
cereal member of family Poaceae. Sugarcane belongs to 
the C4 group of plants. Although it has a more advanced 
type of energy conversion system as a tropical crop yet, 
it requires an optimal amount of water (1200 – 2500 mm) 
to provide optimum yields [1]. 
Water scarcity is among the several abiotic stresses 
that most drastically reduces the functioning of 
sugarcane cultivation, which is the main reason of falls in 
yield [2]. There is increasing demand for the sugarcane 
cultivars showing better improvements or tolerance 
against the more severe and prolonged drought 
conditions. This urges the better understanding of the 
physiological and biochemical responses against 
drought stress [3]. 
 The ROS production enhances due to the exposure 
of the plant to the drought stress which causes an 
imbalance of redox system of the cell thus causing, 
unsettling of the electron transport system and the 
initiation of oxidative damage [4]. Plants adopted various 
mechanisms to detoxify the reactive oxygen species [5]. 
Several antioxidants are working for the scavenging the 
ROS. These antioxidants are either of enzymatic (CAT, 
SOD, POD, APX) or non-enzymatic (ascorbic acid, 
carotenoids) nature [6]. When a comparison is made 
between the drought tolerant and drought sensitive 
varieties, it becomes efficient that the tolerant varieties 
have a preference over the sensitive genotypes for 
readily recovery. 
Plants or seedlings produced as a result of in vitro 
culturing from undifferentiated cells have been testified 
to reveal a high frequency of variations. The variations 
induced through tissue culture are best regarded to as 
somaclonal variations and are defined as the 
genetic/epigenetic variations [7,8]. Without any doubt, it 
is appropriate to recommend somaclonal technique to 
manipulate genetic makeup and for in vitro selection of 
desired traits in plants [9]. The primary aim of the present 
study was to screen the somaclones of sugarcane 
sensitive genotype (CPF-248) for drought tolerance 
using PEG (6000) as a selection component. In our 
second trial, examined the drought tolerant somaclones 
in the green house. The tolerance in sugarcane 
somaclones (IPSVI, IPSV2) were assessed through 
photosynthetic and antioxidant response compared to 
parent genotype (CPF-248) under prevailing drought 
conditions in the green house.     
Methods 
Current research was carried out in Centre of Agriculture 
and Biochemistry in collaboration with Department of 
Botany, University of Agriculture, Faisalabad. Prior to 
this particular part of experiment, genotype CPF-248, a 
drought sensitive genotype of sugarcane was collected 
from Ayub Agriculture Research Institute (AARI), 
Faisalabad and used to induce stress tolerance by 
somaclonal techniques in a separate experiment. 
Various Callogenesis and regeneration media were used 
to induce somaclonal variations [10]. The plants thus 
achieved were exposed to drought selection pressure 
using different concentrations of PEG, the selected 
plants were referred as in vitro selected putative 
somaclonal variants 1 & 2 (IPSV1 & IPSV2).  
These somaclonal variant (IPSV1, IPSV2) were then 
imperiled to acclimatization by shifting them in 
greenhouse environment. For acclimatization, plants 
were shifted into peat moss filled polythene bags and 
then transferred to green house. As the plants were 
established, they were subjected to drought stress by 
withholding water for 8 days. After two days of re-
watering, the data was collected for different biochemical 
parameters in order to evaluate the drought tolerance 
capacities of the in vitro selected putative somaclonal 
variants and compared their results with the control 
(parent plant subjected to similar conditions). 
Determination of Chlorophyll contents 
The chlorophyll contents were determined with the 
method as described by Arnon [11]. Fresh leaves (0.5g) 
of both somaclonal variants and parent genotypes were 
chopped and dipped in 80% acetone (5mL). Solvent 
mixture was placed in dark for 24h. The resultant extract 
was subjected to record its absorbance at 480, 645 and 
663 nm using a spectrophotometer (IRMECO U2020). 
Chlorophyll a, b and carotenoids were determined by 
applying respective formulas. 
Determination of Antioxidants 
To extract antioxidant enzymes, fresh leaves (0.5 g) 
were homogenized in 5 mL of 50 mM cooled phosphate 
buffer (pH 7.8). The homogenate was centrifuged at 
15000 rpm for 20 min at 4°C. The supernatant was used 
to access activities of antioxidant enzymes. The activity 
of SOD was determined by measuring its ability to inhibit 
the photoreduction of nitroblue tetrazolium (NBT) by 
following the method of Ginnopolitis and Rice [12]. The 
absorbance of the irradiated solution was recorded at 
560 nm using a spectrophotometer (IRMECO U2020). 
One unit of SOD activity was defined as the amount of 
enzyme that inhibited 50% of NBT photoreduction.  
Activities of catalase (CAT) and peroxidase (POD) 
were measured using a slightly modified method of 
Chance and Maehly [13]. Change in absorbance was 
recorded at 240nm with an interval of 20s for 2 minutes. 
One unit CAT activity was defined as an absorbance 
change of 0.01 units per minute. One unit POD activity 
was defined as an absorbance change of 0.01 units per 
minute [14].  
The ascorbate peroxidase (APX) activity was 
determined by adopting method of Nakano and Asada 
[15]. The activity of APX was accessed in 50 mM 
potassium phosphate buffer (pH 7.0) containing 0.5 mM 
AsA and 0.1 mM hydrogen peroxide and enzyme extract 
(0.1µL) in a total volume of 1 ml (Nakano and Asada, 
1981). The hydrogen peroxide-dependent oxidation of 
AsA was followed by monitoring the decrease in 
absorbance at 290 nm assuming an absorption 
coefficient of 2.8 mM–1 cm–1.  
The proline content in the fresh leaf was estimated 
according to the method of Bates [16]. Ground 0.5g 
tissue in 5 ml of 3% sulfosalicylic acid, filtered and mixed 
2 ml filtrate with ninhydrin reagent (2Ml) and glacial 
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acetic acid (2 ml), let the mixture heated in a boiling water 
bath for an hour. The heated mixture was cooled 
immediately in an ice bath, added 4 ml toluene, 
separated the chromosphere in the toluene fraction and 
optical density was recorded at 520 nm with a 
spectrophotometer. Prepared standard graph using 10, 
20, 40, 80 and 100 µg/ml of proline. Calculated µg 
proline/ g fresh weight (Fr Wt.) by using the formula 
(µg/ml proline x vol. of toluene x volume of SS acid)/ (g 
Fr. Wt x 115.5). 
Statistical analysis 
Somaclonal variants were laid down in greenhouse with 
completely randomized design (CRD) with three 
replicates. Multivariate analysis of variance (MANOVA) 
was performed with SPSS (23.0) at significance 
difference of p≤0.05. 
Results 
Data of somaclonal variants and parent genotype 
showed a significant (p≤0.00) difference in their 
chlorophyll contents under drought stress (Table 1). 
However, it was observed that parent genotype is 
extremely sensitive to drought treatment but somaclonal 
variants induce significance tolerance against drought 
and showed enhanced activity of chl a, chl b and total 
chlorophyll contents along with carotenoids (Figure 1). 
Approximately, 63% and 46% increase in chl a and chl b 
contents under drought stress in IPSV1 was observed 
compared to parent plant (Figure 1). The same trend was 
observed with respect to carotenoid contents that 
exhibited 54% and 42% increase in IPSV1 and IPSV2 
respectively under drought stress (Figure 1). Chlorophyll 
contents exhibited a good success rate of acclimatizing 
under greenhouse conditions through somaclonal 
variants produced under in vitro growth.  
Antioxidant activity provides strong evidence for their 
tolerance against drought stress. Current experiment 
showed a significant (p≤0.00) difference in their 
antioxidants in both somaclonal variants and parent 
genotypes (Table 1). Ascorbate peroxidase (APX) 
activity increase (39% and 34%) substantially in both 
somaclonal variants with limited supply of water among 
all antioxidant enzymes studied in current study (Figure 
2). Moreover, catalase (64%, 59%), peroxidase (38%, 
14%) and superoxide dismutase (29%, 17%) also 
showed comprehensive increase under drought stress in 
IPSVI and IPSV2, respectively (Figure 2). Somaclonal 
variant displayed mitigation response against limited 
water supply in greenhouse environment and showed 
successful acclimatization as well. 
Total free amino acid and proline contents maintain 
metabolism to ensure survival of plants under stress.  
Proline contents increased significantly (p≤0.00) in both 
somaclonal variants compared to parent genotype under 
drought stress (Table 1). Somaclonal variant (IPSV2) 
showed 27% increase in proline contents followed by 
14% increase in IPSV1 with drought stress (Figure 3). 
Total free amino acid also increased significantly 
(p≤0.00) in both somaclonal variants compared to parent 
genotype under drought stress (Table 1). It is observed 
that TFAA enhanced 21% and 11% in somaclonal 
















Chlorophyll a  2 0.004 0.002 59.128*** 
Chlorophyll b 2 0.000 0.000 11.529*** 
Carotenoids  2 0.001 0.000 102.079*** 
Catalase  2 26.160 13.080 2015.707*** 
Peroxidase 2 32.994 16.497 189.682*** 
Superoxide 
Dismutase 
2 5.521 2.760 28.325*** 
Ascorbate 
Peroxidase  
2 169.327 84.664 2224.495*** 
Proline  2 475.105 237.552 464.524*** 
Total Free Amino 
Acid 
2 5.364E-5 2.682E-5 3.644*** 
Error Chlorophyll a  6 0.000 3.083E-5  
Chlorophyll b 6 9.200E-5 1.533E-5  
Carotenoids  6 2.017E-5 3.362E-6  
Catalase  6 0.039 0.006  
Peroxidase 6 0.522 0.087  
Superoxide 
Dismutase 
6 0.585 0.097  
Ascorbate 
Peroxidase  
6 0.228 0.038  
Proline  6 3.068 0.511  
Total Free Amino 
Acid 
6 4.416E-5 7.360E-6  
Table 1: Multi-variant analysis of variance of chlorophyll, 
antioxidants, proline and total free amino acid of somaclonal 
variants and parent genotypes under drought stress. 
 
Figure 1: Assessment of chlorophyll contents in somaclonal 
variants compared to parent genotype (CPF-248) under drought 
stress. 
 
Figure 2: Assessment of antioxidants in somaclonal variants 
compared to parent genotype (CPF-248) under drought stress.
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Figure 3: Assessment of proline contents in somaclonal variants 
compared to parent genotype (CPF-248) under drought stress. 
 
Figure 4: Assessment of total free amino acid (TFAA) contents in 
somaclonal variants compared to parent genotype (CPF-248) 
under drought stress. 
 
Discussion 
Plant has to survive in a continuously changing 
environment where it has to face many biotic and abiotic 
stresses which are translated in to loss of vigor, reduced 
yields and much morphological and physiological 
impairment. The production of stress tolerant plants is 
the very first priority of the agronomists and researchers. 
For this purpose, among the different adapted 
techniques, in vitro selection of tissue culture based 
plants is the most cost effective and rapid practice. The 
selected plants may show genetic stability but will be the 
plants, cells or tissues that have shown tolerance against 
stress conditions [17]. 
Photosynthesis is a vital process for plants to grow. 
This process of imperative nature is under the control of 
different photosynthetic pigments like chlorophyll a, 
chlorophyll b and carotenoids play a pivotal role in 
harvesting of light energy and also in the running of 
Calvin Cycle. Like all other organic compounds these 
pigments are also susceptible to water deficit conditions 
[18]. A diminution in the levels of chlorophyll content is 
obvious when plants are exposed to water deficit [17, 
18]. The chlorophyll a content of drought sensitive 
varieties showed a more decline than those of drought 
tolerant varieties. The drought stress not only caused the 
reduction in chlorophyll a and chlorophyll b contents but 
also changed the ratio of the two pigments [19]. The 
decrease in chlorophyll contents under drought stress is 
the result of oxidative damage which resulted in 
enhanced activity of antioxidants like carotenoids, 
ascorbates and flavonoids etc. [20]. 
Plants are continuously exposed to different types of 
environmental stresses resulting in the production of 
ROS (reactive oxygen species) which, due to their highly 
toxic and reactive nature causes the damage to the vital 
organic molecules and organelles of the cell. Different 
types of enzymatic and non-enzymatic antioxidants are 
produced by the plants to scavenge these toxic 
molecules of ROS. Superoxide dismutase forms the very 
first line of defense against reactive oxygen species by 
dismutation of O2 thus preventing the production of OH 
ions [21]. As a C4 plant sugarcane has the ability of 
concentrating CO2 even during stomatal closure, a first 
defensive approach adapted by the plants against 
drought stress. So the effect of stomatal closure is less 
in sugarcane as compared to C3 plants [22]. In this 
research study, an enhanced SOD activity was observed 
in IPSV1 and IPSV2 as compared to parent plant 
showing their preference in combating the drought stress 
over the parent plant. Increased activity of SOD is 
translated in better adaptations of the plant to fight 
against the oxidative stress. An increase in SOD activity 
against drought and salinity stress has been observed in 
Glycyrrhiza uralensis Fisch [23]. Water stress in Trifolium 
repens L. was reported to cause increased levels of SOD 
activity in the total SOD of leaf and SOD of chloroplast 
[24]. There is the evidence that the plants having foreign 
genes for improving stress tolerance showed the 
improvement in the SOD activity as a sign of tolerance of 
these transgenic plants over their wild relative [25,26]. 
An increase in the SOD activity is the indicator of drought 
tolerance and vice versa [27]. 
Ascorbic acid also known as Vitamin C is the most 
powerful non-enzymatic antioxidant. As a most abundant 
and water soluble antioxidant it is mostly present in 
photosynthetic and meristematic cells in a reduced form 
[28, 29]. High levels of ascorbic acid have been observed 
in seedlings of P. asperata [30] under drought and high 
light intensity. Maintenance and enhancement of APX 
and CAT is also related with the oxidative stress. The 
concentrations of these antioxidants is inversely 
proportional to the damage caused by oxidative stress in 
sugarcane [31, 32]. The results of this study also showed 
an increased activity of ASH, CAT and APX by IPSV1 
and IPSV2. DaCosta and Huang (2007) and Chagas et 
al .m, (2008) also observed the increase in activity of 
CAT and SOD in drought tolerant genotypes of 
sugarcane as compare to sensitive genotypes. Cia et al., 
(2012) and Boaretto et al., (2014) observed the 
quenching role of these antioxidants against ROS 
production. 
Since long proline has been known as osmoprotectant 
but its role as antioxidant is also being established now. 
Free proline has a variety of roles vital for the plant 
survival like its role as metal chelator, protein stabilizer, 
inhibitor of lipid per oxidation [37,38] and most 
importantly as osmoprotectant. As a nonenzymatic 
antioxidant, it is present in almost all types of living 
organisms to mitigate the deleterious effects of reactive 
oxygen species [39]. In the present study, the increase 
in concentration of proline in IPSV1 and IPSV2 over 
parent plant is also an indicator of their drought tolerance 
ability. Various studies revealed that increase in proline 
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concentration is associated with stress tolerance 
capacity of the plant which in turn is related with the 
ability to maintain the compatible ratio of NADP : NADPH 
[40-44]. Improved proline synthesis under water stress 
has been concerned as a means of improving 
cytoplasmic acidosis. The degree of tolerance to drought 
stress is strongly co related with the increase in 
concentration of proline. Many researchers in their 
studies have also observed an increase in free proline 
concentrations under drought stress as an indicator of 
drought tolerant phenomena [45]. Free amino acids also 
played their role as osmoprotectants [45]. 
Increased activities of antioxidants and high 
accumulation of osmoprotectants as compared to parent 
genotype are the indicators of more stress tolerance 
capacities of IPSV1 &IPSV2 over parent genotype. 
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